There is majority support for the purchase of an anaesthesia simulator but there is widespread concern for its high cost. In general, anaesthesia simulation is perceived more as an education tool rather than an instrument for (re)certification.
Anaesthesia training occurs primarily in the operating room, involves surgical patients, and is closely supervised by an experienced anaesthetist. During the clinical anaesthesia training period of three to five years, a trainee (known as a "resident" in the U.S.A., and a "registrar" in Australia) is unlikely to encounter many of the life-threatening conditions that may occur in patients during the course of anaesthesia.
Anaesthesia simulation has been suggested as a means to broaden the training experience without exposing patients to risk [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . Recently, commercial anaesthesia simulators have been produced that can recreate about 40 complications or crises that may occur at any time during anaesthesia. These devices comprise a specially modified adult manikin interfaced to computers and other mechanical devices. Anaesthesia simulation can be undertaken in an actual operating room using the existing anaesthesia machines, ventilators, and monitors. The simulator is expensive, and it is unknown whether most anaesthetists would be prepared to undergo anaesthesia simulation. Around the world, anaesthesia depart-ments are considering the need to purchase an anaesthesia simulator. We decided to survey the attitudes of both trained anaesthetists (known as "faculty", "consultants" or "attendings" in the U.S.A., and as "consultants" in Australia) and trainee anaesthetists towards these new devices and determine their concerns about training by anaesthesia simulation. We chose to survey anaesthetists at 1. the University of Pittsburgh, Department of Anesthesiology (UPMC group) during the first author's sabbatical at UPMC, and 2. meeting registrants at the Annual General Meeting of the Australian Society of Anaesthetists (AUS group), to learn whether country of practice was a significant factor in anaesthetists' attitudes.
METHODS
Consultants and trainee anaesthetists were asked to complete an anonymous survey, which in addition to general demographic questions, also included nine questions which we believe further define the attitudes of consultants and trainees toward an anaesthesia simulator. Respondents answered the nine questions using anchored, 100 mm visual analog scales (VAS). These scales have positive and negative endpoints and allow for any response in between 12 .
The anaesthetists were asked to respond to the instrument during September through October 1993. An information sheet was included with the survey to help respondents understand that we were surveying their attitudes to a commercially manufactured computer-assisted simulator (CAE-Link Corporation, Binghamton, New York) that uses a sophisticated adult manikin to be "anaesthetized" in an actual operating theatre. The Background Information Sheet and the survey document are reproduced in the appendix. The authors received no financial support from the CAE-Link Corporation. Following approval from the Psychosocial Review Board of the University of Pittsburgh, all trained and trainee anaesthetists within the hospitals of the University of Pittsburgh Medical Center received the survey instrument by mail. The respondents were asked to complete the survey and return it anonymously in another supplied envelope. To improve the response rate, anaesthetists who did not return the cover sheet received a reminder notice four weeks later, asking them to complete the survey.
Following approval from the Australian Society of Anaesthetists (Western Australian Branch) and the Ethics Committee of Royal Perth Hospital, all anaesthetists who attended the Annual General Meeting and Scientific Program of the Australian Society of Anaesthetists held in Perth, Western Australia, were given a copy of the survey instrument. The document and cover sheet for the AUS group was identical to that used for the UPMC group except for changes relating to terminology (faculty versus consultant, resident versus registrar) and minor differences in British and American English). Meeting attendants had the option of placing the completed forms in specially marked boxes at the meeting, or mailing them to the author.
Data were entered onto a statistical package (SPSS/PC 5.0). Continuous and visual analog data were analysed with parametric statistics 13 (analysis of variance, Pearson correlation coefficients) and categorical data were analysed with Chi-square tests. Respondents' opinions of the important positive and negative features of anaesthesia simulation were summarized with descriptive statistics. Significance was defined as P<0. 05 .
RESULTS
Approximately 200 survey documents were sent to the UPMC group of anaesthetists and about 300 documents were distributed to the AUS group. Approximately 50% of UPMC anaesthetists responded whereas only about 30% of the AUS group responded.
The respondents' demographic data are summarized in Table 1 . The average age of respondents was 41±10 yr (mean±SD). The age range of respondents was similar across the two groups but the mean age of the UPMC group was eight years less than the AUS group. Seventy-eight per cent of the respondents were of consultant level and 79% were male. There was a greater proportion of male anaesthetists and a greater proportion of consultant anaesthetists in the AUS group.
The visual analog attitudinal data are shown in Table 2 . Support for the purchase of an anaesthesia simulator was similarly positive among anaesthetists regardless of nationality (73% with VAS >60), with no differences due to age, position or sex of the respondents. Both groups of anaesthetists considered that an anaesthesia simulator would be useful for trainees. However, there was a significant difference in the perceived usefulness of a simulator for consultant level anaesthetists, with the AUS group indicating a greater perceived usefulness of a simulator for those who had completed their formal training.
Overall, there was a high level of willingness to spend unpaid time with an anaesthesia simulator (76% with VAS >60). This enthusiasm was significantly greater among the AUS group of anaesthetists. Trainees indicated a significantly greater preference than consultants for this activity. Trainees in both countries indicated a significantly greater perception of relevance than those already trained in anaesthesia.
The perceived level of anxiety experienced by anaesthetists was significantly different between UPMC and AUS anaesthetists, with no differences according to age, position or sex of the respondent. Finally, both UPMC and AUS anaesthetists, on average, did not support the compulsory use of an anaesthesia simulator for certification or reaccreditation purposes, with the UPMC group significantly less supportive than the AUS group.
The proportions of UPMC and AUS anaesthetists who agreed with some of the listed positive and negative features of a commercial anaesthesia simulator are listed in Table 3 . The ability to practise management of rare events was perceived as the most important positive feature of a simulator, with almost all of the AUS group indicating this feature as important. Fewer UPMC anaesthetists than AUS anaesthetists believed that the ability to test themselves under crisis conditions, or to sharpen their diagnostic skills, was important. On the other hand, more UPMC anaesthetists indicated that anaesthesia simulation was something that should be undertaken simply for the experience in itself. A greater proportion of UPMC anaesthetists were concerned with the theoretical problem of lack of realism in the device and also the fact that some clinical situations cannot be simulated (although these are neither stated nor volunteered). Both groups of anaesthetists shared some concern that the whole simulation is too contrived to make it useful for training. Although a significantly greater proportion of AUS anaesthetists believed that anaesthesia simulation was associated with too much psychological pressure, this criticism scored poorly overall.
The questionnaire allowed respondents to write any comments they wished relating to simulation in anaesthesia and a wide range of remarks were made. However, the most frequent comment referred to the proposed cost of a commercial simulator, as mentioned in the background information sheet. Another frequent comment referred to the notion that simulation can never replace clinical experience, and some expressed the fear that formal training time spent with an anaesthesia simulator might encroach upon time spent with patients. Some anaesthetists felt very strongly that a commercial anaesthesia simulator should be viewed as an educational tool and that it should never be used for examination purposes. Overall, positive comments outnumbered negative comments. 
DISCUSSION
This survey attempted to answer questions about the likely acceptance, or otherwise, of a commercially available simulator by anaesthetists. Anaesthesia is a technology-dependent medical specialty and an anaesthesia simulator was an inevitable development for training of junior anaesthetists. However, there has been no research to indicate whether anaesthetists themselves would view this development with enthusiasm or indifference. We believed that a survey of this type was necessary to gauge the level of support for this device before giving consideration to its acquisition.
We surveyed two differing groups of anaesthetists. The UPMC group represents a mixture of trainees and their teachers in a teaching hospital environment. This academic practice was compared with a heterogeneous group of anaesthetists who happened to attend an anaesthesia meeting in Australia. The latter group comprised a mixture of private practice and teaching hospital anaesthetists. The difference in response rate is explained more by the ability to send reminder notices to those UPMC anaesthetists who had not responded, whereas there was no mechanism for follow-up of the non-responders at the Australian anaesthesia meeting. Overall, the respondents to this survey were more likely to be male and already trained. The range of ages was similar among the two groups although the lower mean age of the UPMC group reflects the greater number of trainees represented in a teaching facility, compared with the smaller number of trainees who attended the Australian professional meeting. In all statistical analyses, age played no significant role in any of the attitudinal scores.
The most important finding of the survey was the generally high level of support from both groups for the purchase of a commercial simulator. Commonly, only small numbers of anaesthetists felt very strongly (VAS >95 or VAS <5) about an issue. The survey did not ask for suggestions on the means to acquire a simulator although the accompanying information sheet did mention that hospital could consider pooling their resources to reduce the financial burden. It could be inferred from the data that there was support for pooling of financial resources and "sharing" a simulator between hospitals or anaesthesia departments, and some respondents even recorded this as a written comment. This survey does indicate that there is general support for purchase but each department has to determine whether other items are more deserving of the anaesthesia budget.
Both UPMC and AUS anaesthetists considered that simulation would be useful for trainees but it is difficult to understand why UPMC anaesthetists felt less strongly about the value of simulation for trained anaesthetists (faculty) than their AUS colleagues. These attitudes were reflected in the different levels of willingness between AUS and UPMC anaesthetists to experience simulation themselves.
The AUS group considered that anaesthesia simulation would be more anxiety-producing than the UPMC group, although this did not affect their willingness to spend time with an anaesthesia simulator.
The question relating to the use of an anaesthesia simulator for examination or re-certification purposes was included in response to some concerns that several colleagues have voiced regarding use of simulators by examination boards without proper validation of the method. Overall there was little support amongst the respondents for this use of a commercial simulator. Gaba 14 has already suggested that there are no gold standards for performance evaluation and that much work would need to be done to validate simulators as a performance tool. The UPMC group were even less enthusiastic about the compulsory use of simulation for accreditation than the AUS group.
It was encouraging to find that most anaesthetists agreed that the major benefit in having access to anaesthesia simulator was the ability to practise management with rare, life-threatening crises. After all, this is the raison d'être for simulators in other industries. There were differences between groups of anaesthetists in what constituted the other positive and negative features of simulators. The AUS group were more keen to test themselves under pressure. The UPMC group were more likely to view anaesthesia simulation as something "worth experiencing", and several anaesthetists made the comment that they wanted to undergo simulation just to see how sophisticated the simulator was.
We included a list of "negative" features of the computerized electromechanical simulator to learn which features might deter anaesthetists from participating in simulation. Lack of time and the somewhat contrived nature of simulation were not major drawbacks with such a system. Lack of realism was more important to the UPMC group and the psychological pressure that may accompany simulation was more important to the AUS group, but these views were not those of the majority of respondents. More of the UPMC group appeared concerned by the fact that some mishaps cannot be simulated, although the list of such scenarios is small. Further, developments in software and hardware by the companies that produce simulators mean that the number and quality of crises that can be simulated will increase.
In conclusion, we have shown that there is majority support for the purchase of a commercial anaesthesia simulator, as described in the background information sheet, by the two groups of anaesthetists we surveyed. The respondents perceived an anaesthesia simulator as a valuable educational tool that would allow anaesthetists to enhance their management of clinical crisis management, and that a simulator should not generally be used for examination or recertification purposes. Until recently, anaesthesia simulation was confined to systems using computer-based scenarios, without the use of real anaesthesia equipment or model "patients". A commercial anaesthesia simulator has now been produced by a company (CAE-Link Corporation) that manufacturers simulators for other industries as well. This simulator uses an adult-sized intubating manikin that features two lungs that produce breath sounds (with carbon dioxide "production"), as well as production of heart sounds and carotid and radial pulses, and skin attachment points for electrocardiogram and neuromuscular monitors. The simulator is capable of imitating many physiological responses when integrated with existing anaesthesia equipment in the operating room. The simulator uses a computer to model cardiovascular, pulmonary, and metabolic effects, drug metabolism and equipment malfunctions, and it provides appropriate feedback (heart rate and rhythm, blood pressure, oximetry, capnography, temperature) to the trainee.
The system can reproduce about 40 different clinical events and crises, many of which may vary in severity and duration. Events include anaphylaxis, cardiac arrest, arrhythmias, haemorrhage, ST-segment changes, air embolism, bronchospasm, pneumothorax, pulmonary oedema, hypothermia, malignant hyperthermia, oesophageal intubation, gas supply problems, ventilator problems, and many others. Combination of events may also be produced.
During a session with the simulator, the trainee is required to perform actual drug injections into an arm vein and to perform standard airway procedures. Typically, the manikin is positioned on an operating table in an operating room with nurses and surgeons surrounding it and pretending to operate.
Permission is often sought from the trainee to videotape the session to help with a debriefing session, which may follow the simulation. A session (including debriefing) usually lasts two to three hours.
The simulator is expensive (around $U.S.100,000-200,000). To help reduce the burden of the cost, it has been suggested that a consortium of hospitals collectively purchase a simulator and locate it centrally to maximize its use.
